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Abstract

The Department of Ecology published a report in 1993 with proposed Total Maximum Daily
Loads (TMDLs) for ammonia for critical points in the South Fork Palouse River. The
Department of Ecology adopted an EPA modification of criteria for freshwater chronic un-
ionized ammonia after the publication of the 1993 report. This addendum report supplements
and supersedes information in the 1993 TMDL Report. This addendum includes revised
waste load allocations for effluent discharged by the city of Pullman POTW and revised
criteria for Paradise Creek at the state line.

The ammonia limits recommended in this report for Pullman POTW are approximately 20
percent higher than the limits recommended in the 1993 TMDL report. The recommended
limits for Albion POTW are the same as in the 1993 TMDL Report because limits for Albion
are controlled by the acute criteria, which did not change. The changes in recommended
ammonia limits for Pullman POTW are due to the revised criteria for chronic un-ionized
ammonia.

Introduction

This report documents changes to the recommended Total Maximum Daily Loads (TMDLs)
for ammonia in the South Fork Palouse River (SFPR). These changes supplement and
supersede information in the 1993 TMDL Report (Pelletier, 1993). The changes include
revised waste load allocations (WLAs) for effluent discharged by publicly-owned treatment
works (POTWs) for the cities of Pullman and Albion.

The changes documented in this addendum were made to incorporate changes to the
freshwater chronic un-ionized ammonia criteria. The Department of Ecology has recently
decided to adopt changes to the criteria that were recommended by the U. S. Environmental
Protection Agency (Ecology, 1995; USEPA, 1992). The USEPA recalculated the criteria by
removing some controversial data from the basis of the criteria. The Department of Ecology
is planning to include the revised criteria in the next triennial revision of the water quality
standards and, in the interim, recommends use of the recalculated criteria for water quality-
based permits for dischargers that are regulated under the National Pollutant Discharge
Elimination System (NPDES).
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The revised equations to calculate the freshwater chronic criteria for ammonia are presented
in Appendix A of this addendum report. Critical conditions for all other variables were left
unchanged from those presented in the 1993 TMDL Report. Discussion of assumptions for
critical conditions are not included in this addendum because details are provided in the 1993
TMDL Report.

Revised Ammonia Criteria and WLAs

Mixing Zone Considerations and Permit Periods

Ecology uses WAC 173-201A-100 to define mixing zones for NPDES discharges. The
mixing zone rule was applied by limiting available dilution flows to 25% of upstream flows
for meeting chronic criteria and 2.5% of upstream flows for meeting acute criteria. The
semi-annual periods selected in the 1993 TMDL Report were evaluated in this addendum
(April-October and November-March.)

Criteria in Paradise Creek at the State Line

USEPA Region 10 has authority for WLAs for Idaho discharges. The temperature and pH
values listed in Table 3 of the 1993 TMDL Report are recommended to establish criteria for
total ammonia in Paradise Creek at the state line for the Idaho WLAs, as well as in the
SFPR immediately downstream from Pullman and Albion POTWs. Critical conditions of
temperature and pH for Paradise Creek at the state line, as well as the corresponding criteria
for total ammonia, are as follows:

Chronic Acute
Criterion Criterion
4-day average 1-hour average
Temperature pH Total Ammonia | Total Ammonia
Period °C) (s.u.) (mg/L as N) (mg/L as N)
April-October 22.3 7.56 1.24 9.42
November-March 13.6 7.47 2.13 12.9

The revised chronic criteria are approximately 13 percent higher for April-October and 18
percent higher for November-March compared with the recommendations in the 1993 TMDL
Report. The acute criteria in this addendum are the same as those used in the 1993 TMDL
Report.
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TMDL, WLAs, and LAs for Total Ammonia

Semi-annual periods for permitting were evaluated. The method used to determine WLAs
for Pullman and Albion POTWs was the same as the procedure documented in the 1993
TMDL Report. The calculation procedure was as follows:

Step 1: Select design condition temperature and pH at Ecology ambient monitoring
station 34B110 (Table 3 of the 1993 TMDL Reporr). 90th percentiles were used for
critical conditions. For semi-annual periods, the critical period during each season
was restricted to the period of occurrence of low natural flows for estimating 90th
percentiles. For the April-October season, the critical period only occurred during
July-October. For the November-March season, lowest flows occurred in November.
[Example: for the April-October season, the 90th percentiles of temperature and pH
(from July-October) were 20.46 degrees C and 8.60 standard units].

Step 2: Calculate POTW mixing zone temperature, pH, and ammonia criteria from
regression of Pullman POTW downstream versus upstream values applied to
temperature and pH from Step 1 (Table 3 of the 1993 TMDL Report). Also use
regression of Paradise Creek at state line versus Ecology station 34B110 to estimate
temperature and pH for Paradise Creek at state line from values in Step 1.

[Example: for the Pullman POTW mixing zone during the April-October season,
critical temperature = (20.46)(0.9297)+2.904 = 21.93 degrees C, and critical pH =
(8.60)(0.6284)+2.592 = 8.00 standard units. The corresponding ammonia criteria
are 0.794 mg/L as N for chronic and 4.92 mg/L as N for acute.]

Step 3: Estimate semi-annual POTW design flows for Pullman and Albion POTWs
(Table 2 of the 1993 TMDL Report). Monthly design flows at Pullman were
estimated based on design maximum monthly flow (4.3 mgd) scaled monthly
proportional to 1989-91 monthly averages. Semi-annual flows for Pullman POTW
were estimated as the maximum monthly estimate during critical periods of each
semi-annual season. Albion POTW design flow for February-May was assumed to be
0.12 mgd. [Example: for the Pullman POTW during the April-October season, the
maximum monthly POTW flow during July-October is predicted to be 5.82 cfs].

Step 4: Estimate the river flow balance. Flows from background/nonpoint sources
and from POTWs were assumed to represent all flows in the system and be at design
flows in Table 2 of the 1993 TMDL Report. SFPR flow upstream from the Pullman
POTW was estimated as the sum of flows from Paradise Creek at the state line, SFPR
above Paradise Creek, and Missouri Flat Creck. SFPR flow above Albion POTW
was estimated as sum of SFPR flow upstream from Pullman POTW plus Pullman
POTW flow. [Example: for the Pullman POTW during the April-October season,
the critical flow upstream from the POTW is estimated as the sum of Paradise Creek
at the state line (3.79 cfs), SFPR above Paradise Creek (0.65 cfs), and Missouri Flat
Creek (0.21 cfs), which equals 4.65 cfs].
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Step 5: Estimate the instream nitrification rate. A first-order nitrification rate
constant (K,o; day™! base e) of 2.95 day’ was assumed at 20°C based on the 90th
percentile of 199192 data. Monthly and semi-annual nitrification rates (K; day™)
were adjusted to design ambient temperature from Table 3 of the 1993 TMDL Report.
[Example: for the April-October season, the nitrification rate between Paradise Creek
at the state line and the SFPR at the Pullman POTW is (2.95)(1.080462) = 3,06
day” at ambient temperature of 20.46 degrees C].

Step 6: Calculate design ammonia concentrations immediately upstream from
Pullman and Albion POTWs (C,,). For Pullman POTW, assume that Paradise Creek
at the state line begins at the chronic criterion value from temperature and pH in

Step 2, then use the first-order decay equation to estimate the concentration above
Pullman POTW assuming instream concentrations cannot decrease to less than 0.05
mg/L as N. For Albion POTW, assume that Pullman discharges at the WLA
(calculated in following step), then use the first-order decay equation to calculate the
concentration above Albion POTW. Exponential equations relating velocities in
stream reaches to flow at SFPR RM 22.2 were calibrated from July and October 1991
measurements. Velocities equations are as follows: between Paradise Creek at the
state line and Pullman POTW, velocity (ft/sec) = 0.325 [Flow at SFPR RM 22.2
(cfs)]°*; between Pullman and Albion POTW, velocity (ft/sec) = 0.330 [Flow at
SFPR RM 22.2 (cfs)]**. [Example: for the Pullman POTW during the April-October
season, the ammonia concentration upstream = (1.24)(e®-%*) = 0.079 mg/L as N
for an initial concentration of 1.24 mg/L as N at the state line, nitrification rate of
3.06 day™, and travel time of 0.901 days at ambient velocity of 0.59 ft/sec].

Step 7: Calculate TMDL of ammonia for the SFPR at Pullman and Albion from the
mass balance equation:

TMDL = ALC * (Q,, + Qon)

where ALC is the aquatic life criteria for total ammonia (mg/L as N), Q,, is the
upstream river flow from Step 4, and Q,, is the critical POTW flow. [Example:
for the Pullman POTW during the April-October season, the chronic ALC is 0.794
mg/L as N, Q,, is 4.65 cfs, and Q. is 5.82 cfs. Therefore the TMDL is
(0.794)(4.65 + 5.82) multiplied by a units conversion factor of 5.3936, which equals
44.8 lbs/day of total ammonia as N].

Step 8: Calculate the load allocation (LA) for upstream background/nonpoint sources
from the mass balance:

LA =Q, *C

up

[Example: for the Pullman POTW during the April-October season, the LA for
upstream sources is (4.65 cfs)(0.079 mg/L as N)(5.3936) = 2.0 lbs/day as N].
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Step 9: Calculate WLAs for Pullman and Albion POTWs from a simple mass
balance equation:

WLA = ALC * [( f*Qup + on{w )/ ontw ] - [ Cup * ( f*Qup / ontw )]

where f is the fraction of upstream flow allowed for the mixing zone (25% and 2.5%
for chronic and acute criteria). [Example: for the Pullman POTW during the April-
October season: ALC = 0.794 mg/L as N, f = 0.25, Q,, = 4.65 cfs, Qo = 5.82
cfs, and C,, = 0.079 mg/L as N. Therefore, the chronic WLA =
(0.794)[(0.25*4.65+5.82)/5.82]-[0.079*(0.25%4.65/5.82)] = 0.94 mg/L as N. The
mass loading for the WLA is calculated by multiplying the WL A concentration (0.94
mg/L as N, which was calculated as 0.936 mg/L as N before rounding of input and
output variables in the previous equation) by the critical POTW flow (5.82 cfs) and
the conversion factor of 5.3936 to obtain (0.936)(5.82)(5.3936) = 29.4 Ibs/day as N].

Step 10: Calculate water quality-based permit limits from the WLAs incorporating
effluent variability using the method of USEPA (1991a). The effluent coefficient of
variation (CV) for ammonia was assumed to be 0.6; 20 samples per month were
assumed for Pullman POTW and 4 per month for Albion; Z-statistic for long-term
average and daily maximum permit limits was 2.326 (99 percentile); and Z-statistic
for monthly average permit limits was 1.645 (95 percentile). [Example: for the
Pullman POTW during the April-October season, following calculation procedures of
USEPA 1991a (detailed in Appendix B-2), the permit limits for total ammonia were
found to be a monthly average of 0.90 mg/L as N and daily maximum of 2.3 mg/L as
N. These concentration limits correspond to mass load limits of a monthly average
of 28 lbs/day as N and a daily maximum of 71 lbs/day as N for the critical POTW
flow of 5.82 cfs].

The detailed intermediate calculations are presented in Appendix B of this addendum. A
summary of the recommended ammonia TMDLs, background LAs, POTW WLAs, and
proposed permit limits for alternative permit scenarios is presented in Appendix B-3. A
margin of safety, which is required for assigning WLAs and LAs in a TMDL (USEPA,
1991b), was incorporated through use of conservative assumptions.

Recommended Permit Limits for Pullman and Albion POTWs

Recommended semi-annual permit limits for the Pullman and Albion POTWs are as follows
from Appendix B-2 and B-3 [effluent ammonia limits in terms of total ammonia as N;
permitted loads were calculated using design flows for Pullman (5.82 cfs for April-October
and 5.55 cfs for November-March) and Albion (0.19 cfs) POTWs]:
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The ammonia limits recommended in this report for Pullman POTW are approximately 20
percent higher than the limits recommended in the 1993 TMDL report. The recommended
limits for Albion POTW are the same as in the 1993 TMDL Report because limits for Albion

Apr-Oct Nov-Mar
mg/L lbs/day mg/L lIbs/day
Pullman POTW Total Ammonia-N
Monthly Avg 0.90 28. 2.3 68.
Daily Max 2.3 71. 5.7 170.
Albion POTW Total Ammonia-N
Monthly Avg 5.9 5.9 11. 11.
Daily Max 12. 12. 23.

are controlled by the acute criteria, which did not change. The changes in recommended
ammonia limits for Pullman POTW are due to the revised criteria for chronic un-ionized

ammonia. The revised and originally recommended limits for Pullman POTW are presented

in the following table for comparison:

Discharger | Season Ammonia Units of Revised Original
Permit Limit | Total Recom- Recom-
Ammonia | mendations | mendations
as N (this (1993
Addendum) TMDL
Report)
Pullman Apr-Oct | Monthly Avg | mg/L 0.90 0.76
lbs/day 28. 24,
Daily Max mg/L 2.3 1.9
Ibs/day 71. 60.
Nov-Mar | Monthly Avg | mg/L 23 1.9
Ibs/day 68. 57.
Daily Max mg/L 5.7 4.8
Ibs/day 170. 144.
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Conclusions and Recommendations

This report documents changes to the recommended Total Maximum Daily Loads for
ammonia in the South Fork Palouse River. These changes supplement and supersede
information in the 1993 TMDL Report. The changes include revised criteria for
Paradise Creek at the state line and revised waste load allocations for effluent
discharged by the city of Pullman POTW.

The changes documented in this addendum were made to incorporate changes to the
freshwater chronic un-ionized ammonia criteria. The Department of Ecology has
recently decided to adopt changes to the criteria that were recommended by the U.S.
Environmental Protection Agency. The Department of Ecology is planning to include
the revised criteria in the next triennial revision of the water quality standards and, in
the interim, recommends use of the recalculated criteria for water quality-based
permits for dischargers that are regulated under NPDES.

USEPA Region 10 has authority for WLAs for Idaho discharges. Critical conditions
of temperature and pH for Paradise Creek at the state line, as well as the
corresponding criteria for total ammonia, are as follows:

Chronic Acute
Criterion Criterion
4-day average 1-hour average
Temperature pH Total Ammonia | Total Ammonia

Period O (s.u.) (mg/L as N) (mg/L as N)

April-October 22.3 7.56 1.24 9.42

November-March 13.6 7.47 2.13 12.9

Recommended semi-annual permit limits for the Pullman and Albion POTWs are as
follows [effluent ammonia limits in terms of total ammonia as N]J:

Apr-Oct Nov-Mar
mg/L Ibs/day mg/L lbs/day
Pullman POTW Total Ammonia-N
Monthly Avg 0.90 28. 2.3 68.
Daily Max 2.3 71. 5.7 170.
Albion POTW Total Ammonia-N
Monthly Avg 5.9 5.9 11. 11.
Daily Max 12. 12. 23. 23.
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® The ammonia limits recommended in this report for Pullman POTW are
approximately 20 percent higher than the limits recommended in the 1993 TMDL
report. The recommended limits for Albion POTW are the same as in the 1993
TMDL Report because limits for Albion are controlled by the acute criteria, which
did not change. The changes in recommended ammonia limits for Pullman POTW
are due to the revised criteria for chronic un-ionized ammonia.
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Appendix A

Revised Chronic Freshwater Ammdnia Criteria
The 4-day average concentration of un-ionized ammonia (in mg/L as NH;) shall not exceed
the numeric value given by 0.80/FT/FPH/RATIO, where:

FT = ]QOBROTCAR) TCAP < T < 30
= 10©-0BeD . 0 <T < TCAP
FPH =1; 8<pH <9
= (1 + 1074¢My / 1.25; 65<pH <38
TCAP = 15 degrees C ; salmonids present
= 20 degrees C ; salmonids absent
RATIO =13.5; 7.7<pH <9

[(20.25)(1077#9)] / (1+1074#™) ;. 6.5 < pH < 7.7

The revised criteria were incorporated into a spreadsheet that made the following
conversions:

. converted units from un-ionized ammonia to total ammonia by calculating the fraction
of un-ionized ammonia, and

® converted from units of mg/L as NH; to mg/L as N by using the conversion factor of
0.822 mg N per mg NH,.

The formulas for the spreadsheet calculations of ammonia criteria, in Lotus® 1-2-3® format
(Lotus Development Corporation, Cambridge, MA), are as follows:

At: PR [W60] ’Calculation of un-ionized ammonia concentration and criteria.
A2: PR [W60] ’Based on EPA Gold Book (EPA 440/5-86-001) and revised by Heber (1992).
A4: PR [W60] ’'Lotus File NH3FRES2.WK1 Revised 12-Dec-94

A5: PR [W601 \_

B5: PR [W12] \_

A7: PR [W601 ’INPUT

A9: PR [W601 7 1. Temperature (deg C; 0<T<30):

B9: (F1) U [W12) 20

A11: PR [W60] 7 2. pH (6.5<pH<9.0):

B11: (F2) U [W12] 7.25

A13: PR [W601 * 3. Total Ammonia (ug N/L):

B13: (F1) U [W12] 200

A15: PR [W601 ' 4. Acute TCAP (Salmonids present- 20; absent- 25):

B15: U [W12]1 20 _

A17: PR [W60]1 ' 5. Chronic TCAP (Salmonids present- 15; absent- 20):

B17: U [W12]1 15

A20: PR [W601 \_

B20: (F4) PR [W12] \_

A22: PR [W601 'OUTPUT



A24: PR [W60]1 ’ 1.

A26:
B26:

PR [W601
(F4) PR [W12]

Intermediate Calculations:
Acute FT:

BIF(B9>=B15#AND#B9<=30, 10" (0.03*(20-B15)),DIF(BI>=0#AND#BI<B15, 10" (0.03*(20-B9)),DERR))

A27:
B27:

PR [W60]1
(F4) PR [W12]

Chronic FT:

AIF(B9>=B17#AND#B9<=30,10"(0.03*(20-B17) ), DI F(BI>=0#AND#B9<B17, 10" (0.03*(20-B9)),AERR))

A28:

B28: (F4) PR [W12]1 RIF(B11>8#AND#B11<=9,1,2IF(B11>=6.5#AND#B11<=8, (1+107(7.4-B11))/1.25,3ERR))

A29:
B29:

AIF(B11>=7. . T#AND#B11<=9,13.5,01F(B11>=6.5#AND#B11<7.7,20.25*(10"(7.7-B11)/(1+10°(7.4-B11))) ,DERR))

A30:
B30:
A31:
B31:
A34:
B34:
A37:
A39:
B39:
A4O:
B40:
AL3:
A45:
B45:
ALb:
B46:
A4LS:
B48:

PR [W60] '

PR [W601 /
(F4) PR [W12]

PR [W60]
(F&) PR [W12]
PR [W60]1 /
(P4) PR [W12]
PR [W601 ' 2.
(F1) PR [W12]
PR [W601 ' 3.
PR [W603
(F1) PR [W12]
PR [W601 /
(F1) PR [W12]
PR [W601 ' 4.
PR [W60]
(,0) PR [W12]
PR [W60] !
(,0) PR [W12]
PR [W60] \_
PR [W12] \_

FPH:

RATIO:

pKa:
0.09018+2729.92/(273.2+89)
Fraction Of Total Ammonia Present As Un-ionized:
1/(C107°(B30-B11))+1)
Sample Un-ionized Ammonia Concentration (ug/L as NH3-N):
+B31*B13
Un-ionized Ammonia Criteria:
Acute (1-hour) Un-ionized Ammonia Criterion (ug/L as NH3-N):
1000*(¢0.52/B26/B28/2)*0.822
Chronic (4-day) Un-ionized Ammonia Criterion (ug/L as NH3-N):
1000*(0.8/B27/828/B29)*0.822
Total Ammonia Criteria:
Acute Total Ammonia Criterion (ug/L as NH3-N):
+B39/B31
Chronic Total Ammonia Criterion (ug/L as NH3-N):
+B40/B31
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